Since its discovery (Tatemoto et al. 1983) , the peptide neurotransmitter galanin has been implicated in numerous autonomic and physiologic regulatory processes, including feeding (Crawley 1999), cardiovascular control (Shih et al. 1996) , learning and memory (McDonald et al. 1998) , and the response to stress (Holmes et al. 1995; Khoshbouei et al. 2000; Sweerts et al. 1999 Sweerts et al. , 2000 . Furthermore, it has been hypothesized that galanin may also be involved in disease states such as depression (Seutin et al. 1989) , feeding disorders (Crawley et al. 1990 (Crawley et al. , 1993 , and Alzheimer's disease (Bartfai et al. 1992; Mufson et al. 1993 Mufson et al. , 1998 Mufson et al. , 2000 .
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Limbic forebrain structures important for the expression of fear and anxiety, such as the central nucleus of the amygdala and the bed nucleus of the stria terminalis (BST), show a rich expression of galanin and galanin receptors (Bartfai et al. 1992; Gustafson et al. 1996; Melander et al. 1986a,b) . Within the BST, there is extensive overlap between galanin-immunoreactive terminals and galanin receptors (Gray and Magnuson 1987b; Miller et al. 1993b Miller et al. , 1997 . The BST is a component of the "extended amygdala", which plays a critical role in the integration of autonomic and behavioral responses to stress (Davis and Shi 1999; Davis et al. 1997a; Herman and Cullinan 1997) . The lateral BST (BSTL) in particular has been implicated in modulation of behavioral-affective responses (Cecchi et al. 2001; Davis and Shi 1999) . Lesions of the BST blocked the enhancement of acoustic startle induced by i.c.v. infusion of CRH (Davis et al. 1997b) . Similarly, blockade of glutamate receptors in BSTL antagonized the unconditioned potentiation of startle induced by exposure to bright light (reviewed by (Davis and Shi 1999) ).
In addition to playing a potential role in modulating the behavioral response to stress, the BSTL also exerts an extrahypothalamic modulatory influence on stressinduced hypothalamic-pituitary-adrenal (HPA) activation (Cecchi et al. 2001; Herman and Cullinan 1997; Herman et al. 1996) . While some investigators have suggested that the BST has an inhibitory influence on HPA activation (Herman and Cullinan 1997) , others have suggested a facilitatory role. A small cluster of CRF-immunoreactive neurons in ventrolateral BST project to mid-parvocellular PVN (Moga and Saper 1994) . Lesions of BST attenuated the increase in plasma ACTH and corticosterone induced by reintroduction of rats into a context in which they had previously been exposed to foot shock (Gray et al. 1993) , and specific lesioning of anterolateral BST cause a decrease in CRF mRNA in the PVN (Herman et al. 1994) .
Administration of galanin directly into the hypothalamic paraventricular nucleus has been shown to reduce activation of the HPA axis induced by acute ether-stress (Hooi et al. 1990 ), but what effects galanin may exert specifically in the BSTL in modulating stress-induced neuroendocrine responses are currently unknown. Galanin innervation of BSTL may originate in part from ascending brainstem noradrenergic afferents. Galanin is extensively co-localized with norepinephrine in ascending afferents from the locus coeruleus to the limbic forebrain (Holets et al. 1988; Melander et al. 1986c,d; Sawchenko and Pfeiffer 1988; Xu et al. 1998) . However, the primary noradrenergic innervation of BST arises from the medullary A1 and A2 cell groups (Delfs et al. 2000) . Thus, another source of galanin in the BSTL may arise from local galanin-synthesizing neurons found in the BST itself. Within the BST, there are at least two distinct subpopulations of galaninergic neurons. One group co-expresses vasopressin, and projects to the lateral septum and midbrain central gray (Gray and Magnuson 1987a,b; Miller et al. 1993a Miller et al. , 1997 . A second group does not express vasopressin, and their projection targets outside the BST are unknown (Gray and Magnuson 1987a) . The stress-reactivity of the galanin neurons in BSTL is unknown. However, galanin neurons in the central nucleus of the amygdala, another component of the extended amygdala that is closely related to the BST, have been shown to be stress responsive, as prepro-galanin mRNA expression is increased following restraint stress (Sweerts et al. 1999) .
Noradrenergic afferent terminals have been shown to contact galanin-positive targets in the bed nucleus of stria terminalis (Kozicz 1999) . The ascending noradrenergic system is activated by stress (Abercrombie and Jacobs 1987; Morilak et al. 1987; Pacak et al. 1993) , and it has been demonstrated that stress-induced activation of the noradrenergic input to BSTL can facilitate both behavioral reactivity and activation of the HPA axis in response to stress (Cecchi et al. 2001; Delfs et al. 2000; Shaham et al. 2000) . Recent studies have suggested a mutually antagonistic interaction between galanin and norepinephrine acting at ␣ 2 adrenergic receptors (DiazCabiale et al. 2000a,b) . Thus, whether galanin release from local neurons is affected by noradrenergic afferent activity, or is co-released directly from a subset of noradrenergic terminals innervating BST, both possibilities suggest that galanin might play a role in modulating stress-induced behavioral reactivity and stress-induced HPA activation in the BSTL.
The galanin antagonist M40 (Bartfai et al. 1993 ) has been shown in vivo to block the effects of exogenous galanin administration on memory tasks (McDonald and Crawley 1996) and food intake (reviewed in Crawley 1999). Thus, in this experiment, we administered M40 directly into BSTL to address the potential role of endogenous galanin in modulating behavioral and neuroendocrine responses to acute stress. This approach has been used previously in our laboratory to demonstrate modulatory effects of galanin in the central nucleus of the amygdala (Khoshbouei et al. 2001) . Portions of this work have been presented in abstract form (Khoshbouei et al. 2000) .
MATERIALS AND METHODS

Animals
Fifty-three adult male Sprague Dawley rats (Harlan, Indianapolis) , weighing approximately 225-250 g upon arrival, were housed in groups of three in a room adjacent to the testing rooms. They were maintained on 12/12 h light/dark cycle (lights on at 7 A . M .). The animals were acclimated to the housing facility for one week prior to any experimental procedure. Experiments were conducted between 9 A . M . and 2 P . M ., during the light portion of the cycle. Food and water were available ad libitum. All procedures were reviewed and approved by the Institutional Animal Care and Use Committee of the University of Texas Health Science Center at San Antonio.
Experiment 1: Modulation of Behavioral Reactivity to Acute Stress by Galanin in the BSTL
To assess the behavioral effects of galanin in BSTL during the response to acute stress, 34 rats were randomly assigned to groups defined by the drug administered into BSTL (vehicle or the galanin antagonist M40 [0.2 or 1.0 nmol]) and the stress condition (5 min immobilization stress or unstressed). Only the highest dose of M40 was given to unstressed rats, resulting in five groups total. M40 (American Peptide) was dissolved in filtered distilled water at concentrations of 1.98 or 9.91 mg/ml. Aliquots were stored at Ϫ 80 Њ C until use. Each aliquot was thawed and used only once.
Rats weighing 275-300 g at the time of surgery were anethetized and placed in a stereotaxic apparatus. Guide cannulae, consisting of two lengths of 22 gauge stainless steel tubing (Small Parts), were implanted bilaterally, so as to position the tips 1.0 mm above the BSTL (coordinates from bregma: AP Ϫ 0.4 mm, ML Ϯ 3.5 mm, DV Ϫ 7.0 mm, incisor set at Ϫ 3.3 mm, approached at a 15 Њ lateral angle). The guide cannulae were fitted with 30 gauge obdurators, and anchored to the skull with four jewelers' screws and acrylic dental cement. Following all surgical preparations, animals were housed individually for seven days prior to testing. The rats were handled for 5 min during each of the five days prior to testing. On each of the three days before testing, each rat was familiarized with the social interaction arena by placing it in the apparatus individually for 5 min.
On the day of the experiment, the obdurators were removed from the guide cannulae and replaced with 30 gauge stainless steel microinjectors (Small Parts) extending 1.0 mm beyond the tip of the cannulae, placing them in the BSTL. The microinjection cannulae were connected by PE-10 polyethylene tubing to a Hamilton syringe mounted on a syringe pump. Bilateral microinjections of vehicle, or the galanin antagonist M40 (0.2 or 1.0 nmole per side) were made into the BSTL. These doses of M40 were shown to be effective in previous studies by us (Khoshbouei et al. 2001 ) and by others (Crawley et al. 1993; McDonald and Crawley 1996) . All drugs were injected in a volume of 0.2 l at a rate of 0.2 l/min. It was determined in a series of pilot studies that similar injections of dye were restricted to BSTL. After completing the microinjections, cannulae were left in place for 3 min before withdrawing.
Following microinjections, unstressed animals were returned immediately to their holding cages lined with home bedding, and stressed rats were subjected to 5-min immobilization stress as described previously (Khoshbouei et al. 2001) . Briefly, animals were placed supine on top of a flat, plastic rack large enough to securely support the entire body (26 cm ϫ 13 cm). The limbs were taped gently but securely to the rack with medical adhesive tape, and strips of tape were placed across the animal's neck and back of the head to prevent excessive head movements. Care was taken to avoid applying undue pressure on the limbs with the tape, and the animals were monitored constantly throughout the procedure. After 5 min of immobilization, the animals were removed and returned to their holding cages lined with home bedding for 15 min. Unstressed animals were left undisturbed in their cages for an equivalent amount of time. Immediately following the 15-min post-stress recovery period, rats were tested first on the social interaction test, followed immediately by the elevated plus maze (Fernandes et al. 1997; File et al. 1999) .
The social interaction test arena consisted of a white wooden box, 60 ϫ 60 cm, with 40 cm high walls. Testing took place under normal ambient overhead laboratory lighting conditions (light intensity 360 lux, measured in the center of the SI arena). The experimental rats were placed in the arena along with a second weightmatched stimulus rat (within 10 g total body weight), which had been previously familiarized with the arena and the test procedure. The two rats were placed in opposite corners of the arena, facing away from each other. Behavior during the 5-min test was recorded by a video camera for subsequent analysis by an experimenter who was blind to both the drug and stress treatment conditions of the test animal. The dependent measure in this test was the time spent engaged in active social interaction initiated by the test animal. Such behaviors included sniffing, climbing on, crawling under, following, grooming, or wrestling (File 1980; File and Hyde 1978, 1979) .
Immediately after the end of the social interaction test, the rats were tested for 5 min in the elevated plusmaze. The elevated plus-maze (AccuScan Instruments, Inc.) consisted of four white plastic arms, 10 ϫ 50 cm, oriented in the shape of a cross, intersecting at a 10 ϫ 10 cm central platform. Two arms situated opposite each other were enclosed by walls 48 cm high ("closed arms"). The remaining two "open arms" had no walls, but were fitted with a 0.5 cm clear plastic rim around the edge to prevent animals falling off (Fernandes and File 1996) . The elevation of the plus-maze was 100 cm above the floor. were analyzed as indices of open-arm exploration that are independent of differences in overall locomotor activity. Conversely, the number of entries made into the closed arms was taken as an indicator of general locomotor activity independent of OTR (File 1984 (File , 1995 File and Fluck 1994) . After testing, rats were sacrificed, and anatomical localization of the injection sites in sections through the BSTL were determined histologically after counterstaining with cresyl violet. Cases in which one or both injection sites were located outside the BSTL were excluded from analyses a priori.
Experiment 2: Modulation of Stress-induced ACTH Secretion by Galanin in the BSTL
To assess the effects of galanin in BSTL on acute stressinduced ACTH secretion, 19 rats were randomly assigned to two groups, defined by the drug administered into BSTL (vehicle or M40). Rats weighing 275-300 g at the time of the surgery were anesthetized as above. An indwelling silastic catheter was implanted into the jugular vein, exteriorized at the back of the neck, and loaded with heparinized saline (1000 U/ml) to maintain patency. The rats were then placed in a stereotaxic apparatus and implanted bilaterally with guide cannulae aimed at the BSTL, also as above. Following recovery from surgery, animals were housed individually for seven days prior to testing.
On the day of the experiment, microinjection cannulae were placed in the BSTL as above. The intravenous catheter was connected to a 1-ml syringe, and a baseline blood sample (0.2 ml) was withdrawn for determination of plasma ACTH levels. Preliminary experiments showed that microinjections of neither vehicle nor M40 into BSTL had any effect on basal ACTH levels (data not shown). Thus, only one baseline measure was taken immediately prior to drug microinjections. Immediately after withdrawal of the baseline blood sample, bilateral microinjections were made into the BSTL of vehicle or the galanin antagonist M40 (1 nmole). All injections were made in a volume of 0.2 l at a rate of 0.2 l/min. Following completion of the microinjections, cannulae were left in place for 3 min before withdrawing.
Immediately after the microinjections, rats were subjected to 30-min immobilization stress as described above. Blood samples were obtained at 5 min and 30 min during immobilization. After 30 min stress, the animals were returned to their home cage, and two additional blood samples were obtained at 15 min and 30 min after the end of the stress. After each blood sample, the withdrawn volume was immediately replaced by infusing an equivalent volume (0.2 ml) of sterile saline.
Blood samples were collected into microfuge tubes containing 2 l of 0.5 M EDTA. The samples were separated by centrifugation (3000 rpm for 12 min at 4 Њ C), and plasma was removed, frozen and stored at Ϫ 80 Њ C until assay. Plasma ACTH levels were determined by a commercially available radioimmunoassay (Nichols Institute). The detection limit of the assay was 15 pg/ml. Intra-and inter-assay coefficients of variation were 9% and 11%, respectively.
Following all experiments, placement of the injection cannulae in BSTL were verified histologically as above. Cases in which one or both injection sites were located outside the BSTL were eliminated from analyses a priori.
Data Analyses
For all experiments, data were analyzed by ANOVA, with repeated measures where appropriate. Significance was determined at p Ͻ .05. Where ANOVA indicated significant main effects or interactions, post-hoc comparisons were made using the Fisher's PLSD test.
RESULTS
Experiment 1: Modulation of Stress-induced Anxiety by Galanin Antagonist in the BSTL
Social Interaction Test. In the analysis of the effects of M40 on the stress-induced behavioral response in the social interaction test, ANOVA indicated a significant main treatment effect (F 4,29 ϭ 4.985, p Ͻ .01). Subsequent post hoc analyses showed that immobilization stress induced a significant decrease in social interaction time in vehicle-injected animals, indicative of an anxiety-like behavioral response to stress (Figure 1 ). Bilateral injection of M40 alone (1.0 nmol) into BSTL, in the absence of stress, had no effect on baseline behavior in the SI test. By contrast, bilateral administration of the galanin antagonist into the BSTL of stressed rats significantly attenuated the stress-induced reduction in social behavior at the highest dose, restoring social interaction time to a level that was no different from unstressed vehicle-injected control rats (Figure 1 ).
Elevated plus-maze. With M40 administration into the BSTL prior to immobilization stress, ANOVA revealed a significant main treatment effect on OTR for both Time (F 4,29 ϭ 10.624, p Ͻ .0001) and Entries (F 4,29 ϭ 2.663 p Ͻ .05). Subsequent post hoc analyses showed that immobilization stress induced an anxiogenic-like behavioral response, i.e., a decrease in open-arm exploration, indicated by a significant reduction in OTR compared with the unstressed control group (Figure 2) . As seen in the SI test, M40 administration alone in the BSTL of unstressed rats had no effect on baseline OTR in the elevated plus maze compared with vehicle-injected controls. However, the highest dose of M40 (1 nmole), microinjected into BSTL prior to stress, blocked the anxiogenic-like effects of immobilization stress and reversed the stressinduced reductions in OTR (Figure 2) . A similar pattern of response was observed when OTR for either Time or Entries were analyzed. Neither Stress nor M40 had any effects on general Locomotor Activity, measured by number of closed-arm entries (F 4,29 ϭ 0.309, n.s., data not shown).
Experiment 2: Modulation of Stress-induced ACTH Secretion by Galanin Antagonist in the BSTL
When the effects of M40 administration into BSTL on stress-induced ACTH secretion were analyzed, ANOVA with repeated measures revealed significant main effects of Time (F 4,68 ϭ 37.312, p Ͻ .01), Drug (F 1,17 ϭ 7.1222, p Ͻ .01), and a significant Time X Drug interaction (F 4, 68 ϭ 2.44, p Ͻ .05) . Subsequent post hoc analyses indicated that microinjection of the galanin antagonist into BSTL significantly attenuated the increase in plasma ACTH measured after 30 min stress (Figure 3 ).
Histological Localization
Out of 59 rats total used for microinjections, six subjects were eliminated because one or both injection sites were determined to be outside of the BSTL, resulting in a total of 53 rats in which the microinjections were localized bilaterally to the BSTL (Figure 4 ). In those cases in which M40 microinjections were made outside the BSTL, there were no observable effects on either behavioral responses to stress or stress-induced ACTH secretion, as compared with vehicle injections made within the BSTL, suggesting that the effects of M40 were specific to BSTL.
DISCUSSION
In this study, we investigated a possible role for galanin in the BSTL in modulating neuroendocrine and behavioral-affective components of the acute stress response. In the first experiment, we examined the effect of the galanin antagonist M40 administered into the BSTL on behavioral reactivity to stress as measured by changes in social behavior and open-arm exploration on the social interaction test and elevated plus maze, respectively. In this experiment, M40 attenuated the reduction in both social behavior and exploratory behavior induced by acute immobilization stress, suggesting that endogenous galanin released in the BSTL facilitated acute behavioral reactivity to stress. In the second experiment, (n ϭ 5-9). * p Ͻ .05 compared with the unstressed control group; ** p Ͻ .01 compared with the unstressed control group; # p Ͻ .05 compared with the vehicle-treated stress group; ## p Ͻ .001 compared with the vehicle-treated stress group.
we examined the effect of the galanin antagonist administered into the BSTL on a stress-induced neuroendocrine response, the activation of the HPA axis, indicated by secretion of ACTH into the peripheral circulation. We demonstrated that bilateral administration of M40 into the BSTL prior to stress attenuated activation of the HPA axis by about 40%. These observations together suggest that stress-induced release of galanin in the BSTL facilitated both behavioral reactivity and HPA activation in response to acute stress.
Under unstressed baseline conditions, administration of the galanin antagonist into BSTL had no effect on either of the behavioral measures, suggesting that in the absence of an activating stimulus, such as an acute stressor, galanin exerts little or no tonic modulatory effect in the BSTL on these behaviors. This observation is consistent with the demonstration that the release of galanin, like that of other neuropeptides, seems to require that a relatively high level of electrical activity be induced in the presynaptic terminal (Consolo et al. 1994) .
The bed nucleus of the stria terminalis is a limbic forebrain structure that has been implicated in modulation of both behavioral and neuroendocrine responses to stress (Cecchi et al. 2001; Delfs et al. 2000; Shaham et al. 2000; Herman and Cullinan 1997) . In behavioral studies, microinjection of corticotropin-releasing hormone (CRH) directly into BSTL enhanced the startle response, and lesions centered on the BSTL blocked the potentiation of startle induced by i.c.v. infusion of CRH (Lee and Davis 1997). Inhibition of BST prevented the reduction in social interaction induced by peripheral lactate infusion in rats made sensitive to lactate by chronic inhibition of GABA synthesis in the dorsomedial hypothalamus (Shekhar and Keim 2000) . The BST was shown to be activated during acute morphine withdrawal, and ␤-adrenergic receptor blockade attenuated both the activation of BST and the behavioral expression of opiate withdrawal (Aston-Jones et al. 1999) . We have demonstrated recently that blockade of ␣ 1 or ␤-adrenergic receptors in BSTL attenuated stressinduced behavioral reactivity on the elevated plusmaze, (Cecchi et al. 2001 ). In the same study, we also provided evidence that the BSTL plays a role in stressinduced activation of the HPA axis, as we showed that blockade of ␣ 1 adrenergic receptors, but not ␤-recep- tors, attenuated stress-induced ACTH secretion (Cecchi et al. 2001) . Further, lesions specifically of anterolateral BST decreased expression of CRH mRNA in the PVN (Herman et al. 1994) , and reduced corticosterone secretion induced by conditioned stress (Gray et al. 1993) . A possible substrate for the facilitatory influence of BSTL on the HPA axis was suggested by anatomical studies showing that a cluster of CRH neurons in the BSTL project directly to the PVN (Moga and Saper 1994) . Thus, a body of evidence suggests that activation of the BST, and perhaps specifically the BSTL, facilitates both behavioral and neuroendocrine reactivity to acute stress.
However, there is also evidence for a possible inhibitory function of the BSTL. It has been proposed that the BST and related regions of the pre-optic area inhibit HPA activation via inhibitory GABAergic projections to the PVN (Herman and Cullinan 1997). A more complex organization was suggested in a study conducted in anesthetized rats, in which electrical stimulation of the medial BST increased, whereas lateral BST decreased basal corticosterone secretion (Dunn 1987) . It has been reported that norepinephrine suppresses electrical activity in the BST (Sawada and Yamamoto 1981) , and inhibits glutamate release in BST (Forray et al. 1999) , suggesting that NE exerts an inhibitory tone over information flow mediated in the BST by glutamate. This could imply that the results described above after adrenergic antagonist administration into BST could represent a disinhibitory rather than an excitatory effect, which would consequently imply that the functional output of the BST may itself be inhibitory on behavioral and neuroendocrine reactivity. Such an interpretation would make the results of the present study consistent with the predominantly inhibitory cellular effects that have been observed for galanin.
Galanin administration onto LC neurons in vitro consistently causes a slowly developing inhibition of spontaneous activity accompanied by hyperpolarization and a decrease in membrane resistance (Pieribone et al. 1998 (Pieribone et al. , 1995 . Many of these inhibitory effects are mediated by the GAL-R1 receptor subtype, which couples to Gi/o type G-proteins, reducing cAMP formation, closing voltage-sensitive calcium channels, and opening ATP-sensitive potassium channels (Branchek et al. 2000; Waters and Krause 2000) . Galanin has been shown to inhibit forskolin-stimulated adenylate cyclase activity in hippocampus and cortex (Waters and Krause 2000; Xu et al. 1999) , and to inhibit the stimulation of cAMP induced by norepinephrine in rat cerebral cortex (Branchek et al. 1998 (Branchek et al. , 2000 . Thus, in the present experiment, it is possible that release of endogenous galanin during stress may have inhibited output of the BST, consistent with the suggestion that the BST may inhibit neuroendocrine and behavioral reactivity to stress.
However, these results may not be inconsistent with the studies discussed above that infer a facilitatory influence of the BST on stress-reactivity. Glutamatergic afferents from BST have been demonstrated (Csaki et al. 2000) . In addition, the BST and CeA are highly interconnected, and both contain a number of GABAergic neurons (Cullinan et al. 1993; Ju et al. 1989; Sun and Cassell 1993) , as well as neurons expressing inhibitory neuropeptides, such as enkephalin (Day et al. 1999 ) and galanin (Gray and Magnuson 1987a,b) . Subpopulations of GABAergic or peptidergic cells could function as local inhibitory interneurons within BST (Sun and Cassell 1993) , or may form inhibitory interconnections with the CeA (Cullinan et al. 1993; Ju et al. 1989; Sun and Cassell 1993) . Thus, it is possible that galanin could exert an inhibitory effect on a population of inhibitory interneurons, which themselves act upon a facilitatory glutamatergic output from the BSTL.
The facilitatory influence of galanin in the BSTL on behavioral and neuroendocrine stress reactivity is in distinct contrast to the attenuating influence demonstrated recently for galanin in the CeA (Khoshbouei et al. 2001) . The BSTL and CeA are closely related components of the extended amygdala, and they share many functional and neuroanatomical characteristics. They have similar efferent targets in the brain stem and hypothalamus, and share a number of similar subpopulations of peptide-and GABA-expressing neurons. Nonetheless, several recent studies have suggested that these two limbic regions might have different functional roles in different contexts. It has been suggested that the BSTL plays a role in nonspecific anxiety, while CeA is involved in cue-conditioned fear (reviewed by Davis and Shi (1999) ). Inhibition of the locus coeruleus blocked foot shock-induced c-fos expression in the CeA, but not in the BSTL, suggesting that the concurrent activation of these regions may occur by different afferent pathways (Passerin et al. 2000) , consistent with the anatomical demonstration that noradrenergic innervation of the BST arises not from the LC, but from the medullary A1 and A2 cell groups (Delfs et al. 2000) . Furthermore, systemic IL-␤ administration activates distinct subsets of neurons in the BSTL and CeA, suggesting that there may be neurochemically distinct subpopulations of cells in the BSTL and CeA that are activated selectively by different stressful stimuli, and that may have different functional effects (Day et al. 1999 ). Thus, depending on the context and the specific nature of the initiating stimulus, a modulatory neurotransmitter such as galanin, acting in the CeA or BSTL, could have a variety of effects on behavioral and neuroendocrine reactivity.
These observations may be important in reconciling the seemingly inconsistent results generated in previous investigations of the effects of exogenous galanin on anxiety-like behaviors (Bing et al. 1993; Moller et al. 1999) . One study showed that i.c.v. administration of galanin increased punished drinking, suggesting an anxiolytic effect (Bing et al. 1993 ). By contrast, in an-other experiment conducted by the same group, local administration of galanin into the amygdala produced a decrease in punished drinking, with no effect on the elevated-plus maze (Moller et al. 1999) . Part of this discrepancy may arise from the fact that i.c.v. administration of drugs can affect multiple brain regions, which may elicit different or even opposing effects, as discussed above for the CeA and BSTL. Moreover, in the present study, we explicitly addressed a role for galanin in modulating stress-induced behavioral responsivity, measured as a reduction in social behavior and exploratory behavior following acute stress exposure. However, no stressor was applied in those previous studies, and it is possible that effects on baseline behavior and stressactivated behavior are different. The fact that M40 lacked effect on baseline behavior in the absence of stress in the present study, and the fact that high levels of neuronal activity are required for peptide release, both suggest that the modulatory influence of endogenous galanin in the BSTL may be exerted specifically in the context of stress-induced activation.
Whether galanin modulates behavioral and neuroendocrine stress reactivity by acting upon a common modulatory circuit in BSTL that projects to distinct behavioral and neuroendocrine regulatory pathways downstream, or by acting upon parallel circuits within BSTL that independently regulate behavioral and neuroendocrine response circuits, cannot be determined from the present results. It is clear, however, that the behavioral, affective and neuroendocrine components of the stress response are mediated and modulated in a variety of brain regions and by a variety of neurotransmitter systems. The data presented in this study, together with the results of our previous study, suggest a complex modulatory role for galanin in the CeA and BSTL, perhaps by interacting with norepinephrine or other monoaminergic, peptidergic or amino acid neurotransmitters. Such modulatory interactions are likely to play an important part in shaping the adaptive behavioral and physiologic responses to stress, in integrating the complex constellations of specific responses that are recruited by different stressors, or in regulating the nature and magnitude of the stress response in the face of repeated, extreme, or inappropriate activation. As such, galanin may be involved in the development or manifestation of stress-related illnesses such as depression, PTSD or other anxiety disorders, and could represent a novel target for therapeutic strategies aimed at the treatment of such disorders. 
